Diabetic ketoacidosis (DKA) is one of the most serious acute complications of diabetes mellitus. An arterial thrombotic tendency from DKA is relatively common; however, the occurrence of acute multiple arteriovenous thromboses is rare. We herein report the case of a 49-year-old man with DKA complicated by multiple thromboses. After transfer to our emergency room with DKA, the patient developed sudden abdominal pain. Contrast-enhanced computed tomography revealed near-complete occlusion of the superior mesenteric artery, superior mesenteric vein, splenic artery, and right femoral artery. This occurrence highlights the need for considering the risk of thrombosis during the initial treatment for DKA.
Introduction
Diabetic ketoacidosis (DKA) is one of the most serious acute complications of diabetes mellitus. The mortality of patients due to DKA is as high as 5% (1) , and can reach 20% when complicated by thromboembolism (2) . An arterial thrombotic tendency due to DKA is a relatively common concomitant life-threatening condition, although acute multiple arteriovenous thromboses in DKA is rare. In the present article, we report a case of DKA complicated with multiple thromboses.
Case Report
A 49-year-old man was transferred to the emergency room from another hospital because of symptoms of increasing lethargy. After an intravenous infusion of dopamine hydrochloride (1.9 μg/kg/min), his blood pressure and heart rate were 84/50 mmHg and 120 beats/min, respectively. He had a recent 3-month history of weight loss, and a recent 1-month history of fatigue, polydipsia, and polyuria. Furthermore, he had a history of hypertension, was a current smoker. However, he had no history of diabetes, cardiovascular disease, or hypercoagulable states such as antiphospholipid syndrome. His laboratory tests revealed serum glucose levels of 1,257 mg/dL, serum osmolality of 371 mOsm/kg H2O, creatinine levels of 3.73 mg/dL, and arterial blood gas at pH 7.25 (Table) . Electrocardiography showed sinus tachycardia. The patient was diagnosed with diabetes and DKA, and was admitted to the intensive care unit for treatment. However, 20 hours after admission he developed sudden acute abdominal pain, and a subsequent blood test revealed a D-dimer level of 428 μg/mL (normal: 0-1.0 μg/ mL), fibrinogen level of 369 mg/dL (normal: 170-360 mg/ dL), and fibrinogen degradation products (FDP) level of 915.6 μg/mL (normal: 0-9.9 μg/mL). Based on these results, acute thrombosis was suspected. Contrast-enhanced computed tomography (CT) revealed multiple thromboses in the superior mesenteric artery (SMA), superior mesenteric vein (SMV), and splenic artery (SA). In addition, edema was observed in the intestinal wall within the limits of the SMA (Fig. 1) . Intravenous heparin was therefore initiated at 20,000 U/day, and the necrotic intestines were promptly resected. During surgery, ultrasonography revealed an absence of blood flow to the lower right foot, and a thrombectomy of the right femoral artery was performed on the same day. Pathological examination revealed thickened intima of atherosclerotic arteries; however, the causal thrombus could not be sufficiently evaluated. Although arterial blood flow to the A B right leg improved thereafter, the foot became discolored over time and gangrene developed, necessitating amputation of the right leg below the knee. Further examination revealed normal protein C activity, and normal levels of alpha-2-plasmin inhibitor-plasmin complex (α2PIC), protein S, anticardiolipin/anti-b2 glycoprotein I complex antibody (anti-CL/b2GPI Ab), and lupus anticoagulant. The patient therefore showed no predisposition to a thrombotic tendency, and had no family history of thromboembolism. During surgery, the patient underwent extensive bowel resection due to SMA occlusion, and his condition was thereafter complicated by short bowel syndrome. His blood glucose control was good, with a mixed injection of regular insulin at 48 U/day in a high-calorie infusion. A diagnosis of type 2 diabetes mellitus was made, because he showed negative for anti-glutamic acid decarboxylase antibody and his insulin secretion capacity was maintained. After amputation, the left ankle-brachial index was 1.02 (normal: 0.9-1.3), although the left brachial-ankle pulse wave velocity was 1,437 (normal: <1,400 cm/s). Ultrasonography then showed that the intima-media thickness of the left common carotid artery was 1.7 mm. Debridement of the patient's right leg was performed because of a wound abscess and necrosis from bruising, and he was then transferred to another hospital for rehabilitation and prosthesis fitting. Recurrence of thrombus was not observed at a follow-up examination performed at our hospital.
Discussion
In the present article, we report a case of DKA complicated with multiple thromboses of the SMA, SMV, and SA. Several mechanisms are known to contribute to a diabetic prothrombotic state, including endothelial dysfunction, coagulative activation, and platelet hyperreactivity (3). In particular, the platelets of patients with diabetes are characterized by dysregulation of several signaling pathways, leading to enhanced adhesion, activation, and aggregation (3). DKA has been found to promote a prothrombotic state and to activate the vascular endothelium. In our patient's case of DKA, two conditions could have contributed to the development of acute artery thrombosis: dehydration secondary to severe hyperglycemia, and atherogenic risk factors such as smoking and hypertension (4, 5) .
Embolism and thrombosis are two principal causes of acute arterial occlusion, and the most common sources of arterial emboli are the heart, aorta, and large arteries (6) . However, these precipitating conditions were not observed in our patient. After intestinal resection, the patient's body mass index (BMI) was 26.0 kg/m 2 , and there was therefore a possibility that his obesity may have partially contributed to the thrombotic tendency (7) .
In the patient's case, multiple thromboses were observed in the SMA, SMV, SA, and arteries of the right lower leg in the acute phase of DKA, with severe hyperglycemia. CT revealed arterial calcification and vascular histopathological findings indicated arteriosclerosis (Fig. 2) , which possibly contributed to the formation of the thromboses. The patient was in sinus rhythm during the period before his diagnosis of thrombosis, making cardiac embolus an unlikely cause of this event. Furthermore, protein C activity, α2PIC, protein S, anti-CL/b2GPI Ab, and lupus anticoagulant levels were all normal, and there was no detectable predisposition to a thrombotic tendency. In our patient, the thrombus in the SMV, which was detected using postoperative CT, could have developed simultaneously in both the SMA and SMV. In addition, the thrombus in the SMV may have been caused by the SMA occlusion. It is known that the metabolic insult of DKA may also perturb the steady state of the vascular endothelium, thereby changing the hemostatic profile and resulting in a prothrombotic state (8) . Many clinical instances of hypercoagulability and vascular thrombus formation in DKA have been reported. In a study of 610 patients with DKA or hyperosmolar coma during a 16-year period, six of 38 deaths were attributed to mesenteric or iliac artery thrombosis (9) . However, although many cases of mesenteric artery thrombosis in DKA have been reported, few have been associated with DKA and arterial or venous occlusion.
In practice, DKA is associated with a thrombotic tendency; however, there are few reports on this association in literature. In addition, there are few reported cases of DKA and occlusion of the SMA. Therefore, it is important to recognize all complications of DKA, some of which may require emergency treatment. In cases of DKA with severe hyperglycemia and multiple arteriovenous thromboses, immediate surgical intervention and further treatment could be life-saving.
In conclusion, our case indicated that it is necessary to consider the risk of thrombosis during the initial DKA treatment.
